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Abstract 
A novel borate compound with the chemical formula Mg2Na2ZnB4O10 (MNZB) has been synthesized first time from the 2MgO- 
Na2O-ZnO-2B2O3 system via solid-state reaction. The obtained polycrystalline borate material MNZB was characterized by 
powder X-ray diffraction, Fourier transform infrared (FT-IR) spectroscopy, and second harmonic generation (SHG) 
measurement. Ultraviolet-visible spectroscopy has been carried out to analyze transmission of the MNZB crystals grown by slow 
cooling method. The optical band gap has been estimated. The functional groups were identified by using the FT-IR data. The 
SHG efficiency of the crystal was obtained by the Kurtz powder technique and it is found to be 2.78 times that of potassium 
dihydrogen phosphate. The results are presented and discussed.  
© 2016 The Authors.Published by Elsevier Ltd. 
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1.  Introduction  
Now a day, research in nonlinear optics (NLO) is being flourished because NLO materials have played an 
important role in laser science and related technology [1]. They are playing main part in generating laser beams in 
the ultraviolet and visible regions and applications like signal processing, medical surgeries, optical data storage 
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devices, optical data communication, colour displays, entertainment purposes and many more [2-5]. Borates are 
presently receiving great attention from material scientists due to their excellent nonlinear and linear optical, 
piezoelectric, luminescent and other useful physical properties for technical applications [6]. In recent few years, 
several novel NLO crystals have been developed for efficient second-harmonic generation (SHG) and other 
parametric processes. The requirements for the excellent NLO crystal includes high NLO coefficient, moderate 
birefringence for phase matching,  high transparency at the wavelength of interest, non-hygroscopic nature, high-
laser-damage threshold, good mechanical and thermal properties [7-9]. In the inorganic family crystals, borate 
crystals have attracted much attention due to their intrinsic favorable properties.  The borate based NLO crystals like 
lithium borate LiB3O5 (LBO) [10], ȕ-Ba2B2O4 (BBO) [11], CsLiB5O10 (CLBO) [12], SrBe2B2O7 (SBBO) [13], 
KBe2BO3F2 (KBBF) [14], K2Al2B2O7 (KAB) [15], Re2CaB10O19 (ReCB) [16], K3YB6O12 (KYB) [17], La2CaB10O19 
(LCB) [18], and Li2Pb2CuB4O10 [19] have excellent transmission properties in combination with NLO behavior. 
Therefore, intense work has begun in developing new materials for NLO applications and expanding the frequency 
range provided by the conventional laser sources [4, 20].  
 In the present investigation, the synthesis of novel magnesium sodium zinc borate (MNZB) polycrystalline 
material and its optical study has been reported. The crystal of it was grown by melt slow cooling technique. In the 
search of new compound material, we have tried new system 2MgO-Na2O-ZnO-2B2O3 to synthesize MNZB. Powder 
X-ray diffraction (XRD) was used to analyze crystal structure. The ultraviolet visible (UV-vis) spectroscopy study 
was carried out to study transmission and determine optical energy band gap.  Functional groups were studied by 
Fourier transform infrared (FT-IR) spectroscopy. Second-harmonic generation (SHG) efficiency of polycrystalline 
MNZB in comparison with potassium dihydrogen phosphate (KDP) was measured by using analogues setup as 
proposed by Kurtz and Perry in 1968 [21].   
2. Experimental
2.1. Material and methods 
Sodium carbonate (Na2CO3) and zinc oxide (ZnO) were purchased from Fisher Scientific, India. Magnesium 
oxide (MgO) was obtained from CDH, India. Boron trioxide (B2O3) was purchased from sd Fine chemicals, India. 
All the chemicals used for synthesis were of analytical reagent grade and used as received without further 
purification. 
2.2. Solid-state synthesis of MNZB 
The polycrystalline material was synthesized by solid-state reaction technique in programmable high-temperature 
resistive heating furnace. The chemicals MgO, Na2CO3, ZnO and B2O3 of 99.99% purity with appropriate amount 
were crushed with the help of mortar and pestle to make the homogeneous mixture. Then the homogeneous mixture 
was transferred to a platinum crucible and kept it in muffle furnace. Initially, the prepared material was heated at 
450 oC for 6 h to make the mixture miscible. The mixture was further heated at 850 oC continuously for 10 h to 
decompose B2O3. The temperature was then increased up to 1000 °C to melt a charge and maintained constant for 
another 24 h. After that, muffle furnace was turned towards slow cooling with a rate of 3 oC/h to reach 650 oC and 
finally cooled to room temperature at a rate of 10 oC/h.  As the MNZB compound decomposes at high temperatures, 
the reaction temperature was carefully controlled. A polycrystalline material and few crystals were obtained and 
used for further study.   
 The expected reaction-taking place during synthesis is given below.  
2MgO + Na2CO3 + ZnO + 2B2O3 ė Mg2 Na2 Zn B4O10 + CO2Ė  
The crystallanity and phase formation of the polycrystalline sample was confirmed by powder XRD data 
recorded on a Rigaku’s MiniFlex-II X-ray Diffractometer. UV-vis transmission data was recorded using UV-vis 
spectrophotometer (Black-C-SR, Stellarnet, USA).  The FT-IR spectrum was obtained at a room temperature with 
the help of Agilent Technologies FT-IR spectrometer.  
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3. Results and discussion 
3.1. Powder XRD analysis 
Powder XRD analysis is an efficient tool in determining the crystal structure of the material. XRD pattern of the 
MNZB was recorded using a CuKĮ (Ȝ =1.504 Å) radiations. The powder sample was scanned over a 2ș range 10-
70o at a scan rate of 10 o/min. The obtained data was analyzed and indexed using software PowderX [22]. The 
obtained XRD pattern is shown in Fig. 1. The compound MNZB crystallizes in the monoclinic system with unit cell 
parameters- a = 16.8419 Å, b = 6.23 Å, c = 13.9654Å and Į = Ȗ = 90o and ȕ = 125.37o. The calculated XRD data of 
MNZB match very well with the experimental one.  The (h k l) values, corresponding experimental and calculated 
values of 2ș, and inter-planar spacing‘d’ are given in Table 1. 
Table 1. Experimental and theoretical XRD data of MNZB.
H  K L 2Theta 
(Exp.) 
2Theta 
(Calc.) 
2Theta 
(Diff.) 
d  
(Exp.) 
d 
(Calc.) 
2 0 1 18.304 18.538 -0.234 4.84310 4.778239 
-2 0 3 19.112 19.059 0.053 4.64003 4.65276 
-1 0 3 20.479 20.330 0.149 4.3327 4.36461 
0 1 3 21.304 21.304 0.183 4.16728 4.20300 
-3 1 2 21.779 21.736 0.043 4.07745 4.08546 
2 0 2 25.371 25.432 -0.061 3.50769 3.49941 
-2 0 4 26.038 26.013 0.025 3.41937 3.42262 
0 1 3 27.582 27.493 0.089 3.23135 3.24164 
-1 0 4 28.137 28.063 0.075 3.16885 3.17711 
-5 1 2 30.292 30.303 -0.011 2.94817 2.94711 
-2 2 1 30.806 30.577 0.229 2.90018 2.92137 
1 2 1 31.426 31.409 0.017 2.84432 2.84586 
-6 0 2 32.604 23.616 -0.012 2.74421 2.74321 
-5 0 5 33.741 33.536 0.205 2.65431 2.67006 
-6 1 3 35.022 35.047 -0.026 2.56010 2.55828 
-2 1 5 36.514 36.551 -0.037 2.45882 2.45644 
0 2 3 37.159 37.312 -0.154 2.41762 2.40802 
-6 1 5 38.958 38.952 0.006 2.31002 2.31037 
-5 2 3 39.734 39.663 0.071 2.26665 2.27045 
5 1 1 40.605 40.619 -0.014 2.22004 2.21930 
-7 1 2 41.662 41.626 0.036 2.16614 2.16792 
-6 2 3 43.414 43.369 0.045 2.08270 2.08475 
-5 0 7 45.435 45.431 0.003 1.99464 1.99479 
-3 0 7 47.257 47.199 0.058 1.92187 1.92411 
-8 1 7 51.110 51.107 0.003 1.78567 1.78577 
-2 1 7 51.770 51.768 0.002 1.76445 1.76452 
6 1 2 53.094 53.066 0.028 1.72353 1.72438 
-6 2 7 55.145 55.128 0.017 1.66417 1.66465 
3 1 5 56.342 56.478 -0.135 1.63162 1.62803 
7 1 2 59.950 59.898 0.052 1.54176 1.54297 
-11 0 4 61.382 61.394 -0.013 1.50919 1.50891 
2 2 6 65.303 65.311 -0.008 1.42772 1.42757 
1 4 3 66.685 66.685 0.001 1.40145 1.40146 
2 4 3 69.519 69.478 0.041 1.35108 1.35178 
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Fig. 1. Powder XRD pattern of MNZB polycrystalline material. 
3.2. UV-vis spectroscopy 
The optical transmission spectrum of MNZB crystal recorded in the wavelength range 200 - 1083 nm is shown in 
Fig. 2. The UV absorption edge for the grown crystal observed to be around 210 nm that correspond to the lower 
cut-off wavelength. It may be confirmed from the Fig. 2 that the optical transparency of grown crystal is greater than 
80 percent over a wide measured spectral range 210 – 1083 nm.  
 
  
Fig. 2. UV-vis transmission spectrum of MNZB. 
 
The energy band gap is an important optical parameter evaluated from UV-vis transmission data. The optical 
absorption coefficient (Į) of MNZB in the wavelength range 210–1083 nm was determined using following relation:        
   
ߙ ൌ ଶǤଷ଴ଷ
ௗ
ሺͳȀܶሻ    
Where, T is the transmittance and d is the thickness of the crystal. 
The direct band gap can be determined using Tauc relation: 
ሺߙ݄ߥሻଶ ൌ ܣሺܧ݃ െ ݄ߥሻ   
Where, A is a constant. 
A graph between (ĮhȞ)2 and photon energy (hȞ) is plotted and a tangent to straight portion is extrapolated on hȞ-
axis to find band gap energy as  shown the Fig. 3. The energy band gap of grown MNZB is found to be ~6.10 eV. 
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Fig. 3. A plot of variation of (ĮhȞ)2 versus hȞ for MNZB.  
 
3.3. FT-IR spectroscopy 
FT-IR spectroscopy was carried out with the objective of specifying and comparing the coordination of boron in 
MNZB material. The FT-IR spectrum was obtained in the frequency range 650 to 4000 cmí1 at a room temperature 
and shown in Fig. 4. The absorption peaks at 1365 and 1231 cm-1 can be attributed to asymmetric stretching and 
symmetric stretching vibrations of BO3 groups, respectively. The 1030 cm-1 band are likely the asymmetric and 
symmetric stretching of B-O in BO4. The deformation vibration at 918 and 687 cm-1 can be assigned as the bending 
of BO3 groups [19, 23-28].  
 
 
Fig. 4. FT-IR spectrum of MNZB. 
 
3.4. SHG test 
The MNZB polycrystalline material was subjected to the SHG test to measure the SHG efficiency with respect to 
potassium dihydrogen phosphate (KDP) material. SHG efficiency was measured using the analogues experimental 
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setup as used by Kurtz and Perry [21]. In the setup, a Q-switched Nd:YAG laser (Spiltlight compact-400, Innolas, 
Germany) with fundamental wavelength of 1064 nm (pulse rate 10 Hz, pulse diameter 6 mm and pulse energy 120 
mW) was used. A laser beam of 1064 nm wavelength is passed through iris diaphragm to remove flash lamp 
component around laser beam then passed through 1064 nm interference filter to remove other component present 
with laser beam.  The laser beam was allowed to incident on a sample surface, at an angle of 45o, packed in sample 
holder with front of 1 mm thick quartz plate. The output light was collected at an angle 90o (with direction of 
incidence) that was passed through 532 nm interference filter to remove IR components and fed to optical fiber 
based UV-vis spectrophotometer (Black commet C-SR, Stellarnet, USA) to measure intensity. The intensities of 532 
nm light for MNZB and KDP were measured and compared (Fig. 5). The second harmonic signal generated in the 
powder sample was confirmed from emission of green radiation. The SHG efficiency of MNZB material is found to 
be 2.78 times higher as compare to the KDP. 
 
 
Fig. 5. SHG spectra of KDP and MNZB. 
 
4. Conclusion 
In summary, Mg2Na2ZnB4O10 polycrystalline material was synthesized by the solid-state reaction. The 
synthesized polycrystalline material was subjected to powder XRD study to confirm phase and determination of 
crystal structure. The optical transparency is more than 80 percent that envisage good optical quality. The lower cut-
off occurs at ~210 nm and has energy band gap of ~6.10 eV. All the functional groups of the borates are identified 
from FT-IR spectroscopic study.  The powder SHG test was carried and it was found that the MNZB has SHG 
efficiency 2.78 times more than that of KDP.      
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